Antibodies against nitrate reductase from Monoraphidium braunji have been used to determine the antigenic relationships of nitrate reductases from different green algae. Nitrate reductases from Chlamydomons reiahardii, Chlorella fusca, Dunaliella sauina, and Scenedesmus obliqgus, were inhibited by, and cross-reacted with, antibodies raised against the enzyme from Monoraphidium braunii.
Nitrate reductase catalyzes the reduction of nitrate to nitrite, the first enzymic step in nitrate assimilation. In green algae the enzyme depends on pyridine nucleotides as electron donors and contains flavin adenine dinucleotide, Cyt b, and Mo as cofactors (15) . Despite these common features and their identical physiological function, NRs2 from unicellular green algae differ in various properties, such as, mol wt and subunit composition (9) . Immunological techniques have been used to determine the possible homologies between proteins from different species (1, 2, 20, 21) . In the present work, antibodies against NR from Monoraphidium braunii have been employed to study the crossreactivity with the enzymes of different green algae by Ouchterlony double immunodiffusion. Besides, the anti-nitrate reductase-IgGs inactivating capacity on these enzymes has been tested.
In a previous paper (14) , we University's culture collection were grown at 25°C in the light on 8 mM KNO3 as previously described (12, 14) . D. salina cultures were supplemented with 1 M NaCl.
Preparation of Nitrate Reductase. In all cases, crude extracts were prepared as previously described (4) . Nitrate reductases were partially purified by Blue-Sepharose affinity chromatography. The enzymes were eluted with 1 M KNO3 and fractions containing NR activity were pooled and subjected to (NH4)2SO4 precipitation (25-50% saturation).
Enzyme Assays. NADH-NR and MVH-NR were assayed as previously described (5) . A unit of activity, U, is the amount of enzyme which catalyzes the formation of 1 Mmol of nitrite/min.
Production of Antisera and Purification of Anti-NR IgGs. Antiserum anti-NR (M. braunii) was raised in rabbits, following the procedure previously described (14) . Partial purification of anti-NR was performed by (NH4)2SO4 precipitation (45%) and DEAE-Sephacel chromatography. Immunoaffinity purification was carried out as described elsewhere ( 14) .
Immunological Techniques. Double immunodiffusion tests were performed according to Ouchterlony and Nilsson (16) .
Electron Microscopy. Cells from cultures of the different species were fixed and ultrathin cryosections were obtained as described by Tokuyasu (22) . Ultrathin cryosections were incubated with anti-NR antibodies (M. braunii) followed by goldlabeled goat antirabbit antibodies (14) . Nonimmune serum was used in the controls instead of anti-NR.
RESULTS
Nitrate reductases from green algae were compared by the Ouchterlony double diffusion technique. The results shown in Figure 1 indicate the existence of cross-reactivity between anti-NR (M. braunii) and partially purified NR from C. reinhardii, C. fusca, and S. obliquus. A single precipitin band was observed with line of identity between Chlorella and Monoraphidium enzymic preparations, indicating that both NRs were immunologically identical. However, NRs from Chlamydomonas and Scenedesmus showed partial identity with the Monoraphidium enzyme, since spurs were formed towards the well containing NR preparations from those two organisms. D. salina also showed partial identity (not shown) with NR from M. braunii, although in this case the precipitate was less intense.
Antigenic relationships of NR from green algae were also investigated by measuring the effect of anti-NR (M. braunii) on NADH-NR and MVH-NR activities of those organisms (Fig. 2) all using nonimmune serum.
The immunoelectron microscopy localization of NR in ultrathin cryosections subjected to treatment with colloidal goldlabeled antibodies is shown in Figures 3 to 6 . In all cases, immunopurified monospecific anti-NR antibodies (M. braunii) were used. In C. reinhardii) sections, gold label was mainly located in the pyrenoid, which is clearly recognized in this species, as it is surrounded by a starch shell. As shown in Figure 3A , the pyrenoid was completely covered with gold particles. Some labeling was detected in the rest of the cell. However, this labeling could be considered negligible when compared with the control sections (Fig. 3B) . Our results do not exclude the presence of NR in other parts of the chloroplast, since a few gold particles were in some cases associated with thylakoids (Fig. 3C) Figure 4 shows the EM localization of NR in sections of C. fusca cells. Although microscopic resolution was not as good as in Chlamydomonas sections, labeling was completely specific for the pyrenoid region. The same degree of specificity was found for S. obliquus (Fig. 5A) . No gold particles were detected in control sections (Fig. 5B) . Labeling was less specific in D. salina (Fig. 6) As far as we know, no indirect localization studies have been reported in green algae, probably because isolation ofchloroplasts from these organisms is difficult to perform, although they have been isolated from C. reinhardii (13) . Recently, we have reported the specific localization by immunoelectron microscopy of NR in the pyrenoid of the green alga M. braunii (14) . The results presented here extend this observation to several species of green algae. Since NR of Neurospora crassa has been localized in cell wall and tonoplast (17) , the localization ofassimilatory NR seems to be different in fungi, green algae, and higher plants.
Pyrenoids are structures associated with the chloroplasts of eukaryotic algae and have been exhaustively studied from a morphological point of view (6, 8) . Although it has been established that proteins are the main component of the pyrenoid (8, 1 1), the function ofthis organelle is still far from clear. Biochemical characterization of pyrenoids has been approached by specific isolation followed by detection of enzymic activities (1 1), and recently by comparing peptide maps of pyrenoidal proteins and purified enzymes (18) . With these approaches, the enzymes phosphoribulokinase, phosphoriboisomerase (11) , and ribulose bisphosphate carboxylase-oxygenase ( 18) 
